INTRODUCTION:
Thermal barrier coatings (TBC•s) have been considered for application in turbines and jet engines since the l970 The present communication reports an examination of the changes taking place in a thermal barrier coating exposed to oxidizing atmospheres at 900°C. The identification of oxidation products at the bond coat/ceramic interface and the characterization of the microstructural changes in the ceramic coating are two important aspects of this study.
EXPERIMENTAL:
The TBC's examined had been prepared for zirconia coated diesel engine cylinder heads,* by plasma spraying. The spraying conditions were selected according to the specificatins outlined in Metco+ sheet * Plasmatech Inc., Torrence, CA 90501 +Metco Inc., 1101 Prospect, Westbury, Long Island, NY 11590 no. 202NS. The TBC consisted of a 200-300 1-1m of zirconia coating on a 50-100 1-1m bond coat layer; the substrate was cast-iron. The composition of these coatings is, given in Table I . Some of the samples were heated in air at 900°C for 1 and for 10 hours to study the changes taking place at the bond coat/ceramic interface. These samples wil 1 be referred to henceforth as oxidized samples. The test temperature of 900°C was chosen to accelerate strongly the oxidation phenomena .occurring at the bond-coat/zirconia interface. It is believed that these phenomena can be common to Tsc•s that experience lower temperatures (diesel engines) as well as TBC•s that operate at much higher temperatures (gas turbines), and hence this investigation focuses on those phenomena. The effects of phase changes in the substrate on degradation are specific to the particular applications, and hence are not studied.
The as-spray~d and the oxidized samples were characterized using optical metallograhy (OM), x-ray diffractometry (XRD) and scanning and transmission electron microscopy (SEM, TEM). This made it possible to resolve the overall microstructural changes, changes in the phase composition of zirconia, as well as microstructural and microchemical changes using energy dispersive x-ray spectroscopy (EDXS), near the bond coat/zirconia interface. The details of the equipment used and the operating conditions are listed in Table II. Specimen Preparation: After oxidation in air, specimens were cut from the flat sections of the cylinder head, and ultrasonically cleaned using acetone and ethanol (both electronic grade).
X-ray
diffractometry was then carried out to determine qualitatively the phase changes in the ceramic coating. Optical, as well as scanning and transmission electron microscopy, were carried out on the crosssections. For this purpose, the zirconia faces of two pieces were glued together using 'DEVCON 2 ton epoxy'+ and cross-sections were prepared. The procedure described by Bravman et a1 6 for making cross sectional TEM specimens was modified for obtaining uniformly thin TEM samples from TBC's. The procedure is described in detail elsewhere. 7
Optical metallography was used to determine overall changes. SEM in combination with energy dispersive x-ray spectroscopy (EDXS), was used to establish compositional changes across the bond coat layer, and analytical electron microscopy was used to identify the oxidation products at the bond-coat/zirconia interface.
RESULTS AND DISCUSSION:
X-ray Diffractometry: The changes in the phase composition of the ceramic were evaluated using x-ray diffraction. The superimposed (Fig. 4) . EDXS, using probes large enough to include about ten grains, showed no difference in yttrium content between the two regions. This, and the fact that these two regions alternated throughout the ceramic 1 ayer, indicates that the difference in grain morphology results mainly from local differences in thennal history associated with plasma spraying, and not from changes in chemical composition.
No segregation of any one element was detected, and no oxidation products were found in the bond coat, at the interface between bond coat and zirconia for the as-prepared TBC's. The examination of the thermal barrier coating, oxidized at 900°C, has revealed a number of changes occurring in the ceramic as wel 1 as at the interfaces within the TBC. The zirconia coating has a complex morphology, with alternating layers of columnar and equiaxed grains.
The as-sprayed zirconia is largely tetragonal. It transorms slowly to monoclinic zirconia during exposure to elevated temperature in air.
But even though some micro-cracking was seen, no 1 arge seale cracking in zirconia coating was noticed. 
